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automated dev1ces which were used to count words, sentences

/"

and syllables (data points whlcp)are needéd in the Flesch..

L3
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- 1.0 SUMMA' . A statistical comparison was made Between two

jReadlng Ease Score to determlne\fhe readlng grade level of

' y;ltten material). The devices are the Automated Flesch '
-+ Count (AFC) developed by Kincaid and McDaniel and the Navy
Automated Counter (NAC) developed by the Navy to éaqguct"a -
+  readability study of rate training and correspondence * ’
manuals. Comparisons were made -between the speed and - |
|

reliability of the automated dev1ces, and between the speed [
1
|

and rellablllty of each device and the manual method of

count;ng data points. " , o : S

» -

.

'ﬁ.: * similar rellabllltles were found for both of the
. devices and for the manual method Counts made u51ng ‘the -

dev1ces, however, were done almost twice as fast as countsg -

done manually. The NAC was 20% faster than the AFC, but i~ih,'/

this dlfferenoe“nag_beklargely attrlbuted tosa practmne g;;ﬂgkiﬁ‘u )

advantage whlch the sub]ects using the NAC hxa~a§£§féhe 2“2;§:¥‘.

sub]ects us1ng the AFC.‘ Nevertheless for any readabxlityj; ’.v ‘ j

study which 1nvolves detailed countlng of &ords, sentﬁlﬁ'“";\T; . ?

syllables, or slmilar data p01nts,'use of an‘automated i wﬁ;F'; K %
. device such as the.NAC ox-AFC is highly recommended asn5;;§§ :”a

the most cost-~ effective technique avallable,“ o tn\Fﬁ'.

'e .
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undertaken w1thout those people who pat1ently\served -as

tsubjects. It was partlcularly difficult for them to count )

L . <o
- : data p01nts manually after spending two mornths using the

o mr m o e s = - = v )
'
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SpeedlerLand more convenient automated counting dev1ce.
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..___7__»._,._-.4,_,« O — — s s e e e

results of a comparlson between two automated dev1ces whlch

“’were used to cournt words, sentences, and syllables.* These .

~ data p01nts (words, sentences, and syllables) are needed din -

-

3 <

SOme readrng formulas for determlnﬁng the readlng grade”
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- Support (CNETS) recently A—nltlated a study tzo determl,né the ‘
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_reading grade level of all Rate Training 'Manuals (RTMs) and __ ____

*
. Non-Resident Career Courses . (NRCCs).(see_Reference.l)..  .TO.. oo

|
}V_,_c;ww”_%::SQndngﬁ“thiS,StndyjzazﬂeadabiiityWorking—ﬁronpwas formed. . m—.
) After ana}yzing several measures of readability, the Read-
ability Working Group chose the Flesch Reading Ease score
(see Reference 2) as the most valid and feasible measure to
use. The Fleséh Readind Ease Score required that a sample
" of 25 or more passages be selected from each NRCC and RTM. '
The passages wegisfron 100 to 150 words .in length, and a
count had”to;be ade of the number of words, sentences and

; syllables in each passage. Over 14,000 sample passages from

188 NRCCs and 185 RTMs were counted durlng the course of the

study. At the 1n1t1a1 stage of th1s study the Readablllty
Working Group decided that uslng a manual method (i.e., a

pointer to track position’ and summlng the count by memory) °

’wéulgvpe highly unreilable and extremely tedious for this
: .number‘of passgges. A eearch of the 1itérature was con-
. ‘.;‘ducted to flnd a bettet methcéi and two p0551b111t1es wene
found.' The flrst,wae “the Automated Readablllty Index (ARI)
i " developed by Smith and Senter (see Reference 5). The ARI ,

consisted of a modified electric typewriter connected to a )
| /

tabulator which recorded the aumber of”strokee (1etters),

y

words and sentences in a sample passage as the passage was

\
- X

N\ typed. ’ hverage word and average .sentence length could then'

. * be calculated, and these data used in a regression equption

% -




to obtain reading grade level. The second method was the

Automated*FlescH Count™ [AFC) (See Wéference 3). The AFC

S
"““'"”“"”ﬁsed"a'simple“aﬁﬁafaf—smf—”aﬁ—EIectfaﬁic counter and met-

“ronome --' €56 count data p01nts (syllables, words, and -

L ’

sentences). These data points were counted in synchrony

-

Y% Y with a metronome which actuated the counter. A manually,

¥’ //

.ggntrolled switch started and stopped the counter at the 4

‘*’ beginning and end of each passage. A descriptiorn of the AFC

may be found in Appendix A. ’ |

Some difficulties were associated with both of the

above methods. Although the ARI was highly reliable and

salid it was not as cost- effectlve as the AFC, It would

have been necessary to purchase and modify several electric ‘
typewriters, and only spec1ally qualified typists could have
opefaied the machines. [The major disadvantage of the AFC

was that the pergennel who would be doing the countlnggyould

be in the same room, .and the noise:of elght tz/twelve
metronomes operatlng s1multaneously may have /Jbeen too ‘

dlstractlng to obtain ‘a-‘reliable count”
L.

A third alternative, devised by the/g ETS -Readability 7
. sWorking Group, was based on the AFC prinéiple, The met- T
ronome was replaced by a stylus with a prpssure—sensitive R

switch. 'The stylus was designed like a pencil so that it

could be p01nted at each .syllable, word, and sentence ee be
’ .
counted. Pressing ﬁhe,stYlus against the page activated an

s ®

7 ’ . ' 4 - N




o * electro-mechanical counter whichigotalled‘each of the data ‘

points. The specifications for thaS«dev&ce,~wh¢ch—has -been - -

”named the Navy Automated Counter (NAC), can be found in . T

T T T T ey S I e e e e

Appendlx B. The NAC was easy to operate, simple ¥o con-

2

|
. struct, quiet, and inexpensive. ) i A

Previous resultiggh%ained by/McDaniel (see Referencé 4)

| .

| have compared ‘the AFC with manual methods of’counting words, .
sentences, and syllables. McDaniel used eight college ' %>
stude%ts to count data boint% both manually and with ‘the
AFC. The sample passages to be counted were twenty para- ¥
graphs ‘of the “Minnesota Reading Examination for Céllege
Students", Forms A and B. The number of sSeconds taken to

. "count the three sets of data points in each passage were
recorded, and reliabilities (determined through interanalystp

R .

coefficients) were computed. Reliabilities for the'threé’
sets of data points were high (over .89) for both the manusgl

K » and AFC methods. McDaniel:found that the AFC was signi-

[ ficantly faster than the- manual method in cquntlng syllables.
The AFC and the manuaI method were about the same, however,

l

. in the number of seconds taken to count words and §Entences..
* -

A determination was. therefore made of the speed and

B réliability of the NAC. The NAC waf'compéred to-bdth the S

manual and AFC methods. Thexresults of this comparison are
! - Ct s

« Y presented in the following paragraphs.

o i
»l ’
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. 5.0 METHOD. The following personnel, procedures,

-

— - were used or_ collected during.this comparison .st A

5.1 Subject-Rerson Th

ed the data

the counting were the same personnel who colle
points for the CNETS readability study mentiqped previously
in paragraph 4.0. They incliuded 15 females /dnd one male who

were selected from 33 applicants by means pf a structured

%creening process, including a reading skill test. The mean

age of the subject gersonnel was 32.3‘y ars (ranging from 18
to 56 years). Fo¥mal:educatidn_ranged frbm 12 to 18 years
(averaging 14.5 years). The educag;qh level of this group
was comparable to the subﬁeét; used/%& McDaniel.

5.2 Procedures. B®rause these subject personhel were
already,committed to the CNETS reAdability study, it was’

@decidéd that a study similar to that conducted by McDaniel

/

was not feasible. The analysis was therefore shortened by

/ ,

-

having these pesonnel count only ten passages (Form A) of
. L

the "Minnesota Reading Examination for College Students"
instead of the 20 passages used by McDaniel. 'The subject ,
i v .‘/A .

persoﬁnel were asked to do these¢ gounts during breaks in thé
/ Y

readébility stud&. ‘These personnel had already practic%d .
v o )

the NAC method for about two months dufing the readability
/ / i : “
study. In addition, they had previously counted the RTM and

'NRCC materials for about.three days using the manual method.
-~ o ' '
They were, therefore, well practiced in both methods.
11
6

* 4
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NAC methods, both groups counted passage I manually and
passage II*using the NAC. These counting methods were then
alternated for each group for passages IIIﬁthrough X. Group
1-8 counted odd—numbered,passages marfhally and\evé%—numbered
passages automatically. Groups 9-16 counted odd-numbered

passages automatlpally and even-numbered passages manuall y

»

The syllablés in each passage were counted first, followed

by a count of word nd, then a count of senfences. Table 1
,presents a graphlc summary of the test1ng pr0cedure used £fér
each group. s .' - ' )
| Since only hakf of the sgmple passages used‘by McDap;\} "i
were used 1n thlS study, a neu.analysls of the McDaniel ,data ”
had to be’n/dé. The original data were subsequently ob- ...

. tained for seven of the elght McDaniel subject personnel.
LY

These data 1ncluded the -number of seconds taken by the o

McDanﬁel group to count the syllabies, words and sentences
rﬂ the ten sample passages us1ng the manual and AFC thods

[}
o

L7 A direct comparison of data ¢ould therefore be made} between -

.
o~
»
-’

- ~

- ° !

qﬁe McDaniel group-and the present group. : c

13 Statistical Analyses. The foIlowing comparisons

were tested for significant'differences‘using convent;onal
N - N ~
. t-tests (p .05;two~-tailed): . b

/ 12

3




~

‘passage II (thch was done by both groups using the NAC) are.

a. Mean reliability of counting words, sentences
and syllables between Navy groups 1-8 and 9-16 for passages

I (hanual method) and II;(NAC). Reliability was determined

-

using' the standard error of the mean. _ )

- b, Mean‘{;ijability between (1) the manual* o ,

method and each of tRe automated methods (NAC and AFC)~ and
(2) between the WAC and AFC. Again, rellablllty was deter-

mined using the standard error of the mean. .
’ L) .
: C. Mean speed between the manual and automated
methods for the McDaniel group. \
: ! . -

d. Mean speed between the manual and automated e

methods for thehNavy greup (groups'l:8 and 9-16 combined).

.

e. Mean speed ‘of the manual method- between the ‘

a

Navy group and the McDaniel group.

& . -~

fa.’Mean speed of the automated methods for the

Cal

Navy group and the” McDaniel group. b

.¢f .

S

-

6.0 RESULTS. The following paragraphs present the results

17

of these analysés, . "

6.1 Comparison of Navy Groups 1-8 and 9-16 for q& -

Reliability. Reliapilities between dgroups 1-8 and 9-16 on

passage,I (which was done by both groups -manually) and ' . l o

presented on Table 2. The reliabilities of thé two groups .
infdounting the data points manually and with the NAC were '
/ ) 13 . v

8 4




found to 5e similar. These findings indicate that thg two
groups were counting the data points in a similar fishion
for bothutechniques (manual and RAC). Because of £hese
similarities, the two groups will be referred to as a single
Na;y group. . Ty /§E>

-

6.2 Comparison of Reliability Among Methods. This

'comparison was made using passages III through X as counted

b§ the Nayy and McDaniel groups. The reliabilities of the
automated methods (AFC and NAC) in counting data points were
fouqd to be similar to each other, as well as similar to the

manual method. This finding replicates the results found
. . d
earlier by McDaniel (see reference 4).

-

6.3 Comparison of'Sgged Between Manual. and Automated

Methods. Table.3‘pfesents'the number of seconds taken to
perform the.gounts using the manual and automated methods. -
For\the Navy group, syllables, words, and total count (the

totdl number of seconds taken to count syllables, words, and "
! . . a .

'sentenceslcombingd)\were performed significantiy faster by

1

, N\, .
the NAC than by the mégsal method. Speed for counting

A

sentences was the same using both methods. The McDaniel

group performed éyllables and total counts faster wj the
AFC than the manual method, but counting wq;ds and sellitences

was similar for both the AFC and manual methods. . o

<

6.4 Comparison Between the Navy Group and the McDaniel

3

Group for Speed of Manual Methods. A determination was made




@

as to whether the two groups were equally fast in mgnually

counting words, sentences, and syllables. Statistics for
this comparison are shown on Table 4 for passages I,

and III through X combined. The Navy group 5as found to
manually count syllables significantly faster than the
McDaniel group (an average of nearly i;minute and 20 seconds
faster for each passage). This d}fference was so large that
total count was significantly faster as well. Speed for
counting words and sentences was, however, siq}lar for the
two groups.

6.5 Comparison BéﬁWeeq the Navy Group and the McDaniel
L J

Group for Speed of Automated Methods. A determination was

also made of whether the AFC and the NAC, methods differed in b
speed. Statistics for the two groups‘on passages II through
X combined are shoyn on Table 5. The data ih Table 5 sho@
that the NAC was significantly faster shan the AFC for
counting syllabies, words, and total count. The AFC was
signiﬁ}can}ly faster than the NAC for counting sentences.

It must be remeﬁbered, however, that the Navy group also
countedhsyllabies'and Eotil count faster manually than the
McDaniel group, and this effect may have made for faster
automated speeds. . ‘ .

/

7.0 DISCUSSION. The results show that the McDgniq} and the

Navy groups ‘were equally reliable in counting the data

4 T
-

15
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® ‘ ' % W ¢ : ‘
points manually. It was also Younaéﬁhat the counts from the

ES s.'-.‘

two dev1¢es were equally and»hlghly ¢e11able, and comparable

in relaablllty to the manual methodk_‘The two gfoupsiwere
. . . “ o %
- also compared on the speed with which data points were

1 e~

manually counted. Iflthe groups:; were equally, fast in
counting manually, then differences in“speed using the

automated methods would ¥e the result of the devices and not
3

(1]

of the subject personnel. It was found, howeVer, that the

1
’w." £

Navy group was 51m11ar to the McDaniél" ‘group 1n manually

counting word and sentences, but the Na&y group'hanually S

‘ counted syllables significantly faster than the McDaniel
. group. This_difference in syllable count al;o madeqfor a

' - . faster t'otai‘coupt. The faster syllable count may have
resulted from the more extensive practice thch the Navy

group had at ¢ounting syllables prior to being tested on’

these sample passages. = .. -

\%"'}9‘

. - .
Subsequent. comparisons of speed using’ the automated

3

methods showed that the NAC counted words and syllables
faster than the AFC, while the AFC was faster thanr the NAC ,

. ' in co&nting senténces.n Inqémuch as the two groups were ;
comparable in manually counting ygrds ;nd senteﬁces, {2 %s

y assumed that differences in éutomaged.wérd and sentence .

- counts are relaged to . the devices and not, to skill or

3 £

, " practice diﬁfefences between the-groups. A.definite con-

clusion about differences in syllable count between the two

@ 16
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v - 'l'
devices cannotrbeAmadétfrom these data because of possible
practice effects noted above for the manual method. . P
It sﬁogld a%so'be mentioned that the NAC appeared to be
more adaptable to the .unique counting styles of the subject -
persbnpel. Some subjects pointed‘at each dafa point and 1
othegg tapped the stylus on the table. 1In adéit{on, the
subject personnel could easily stop counting midway through
a passége; and resume Eéuntiﬁg later without losing the
total count to that point;
Comparisons between the manual and automated methods
showed that the AFC was significantly faster than the mam\lall | 1
method at cbunting s&llableé. This reduction in syllable
count reduced the total time to analyze the sample passa\ggs ’
by 45%. The NAC was equélly effective in reducing the speed
of syllable counts,-and»in addition the NAG was faster than
the manual meth&d at'counting words. TheJNAC réduced total
time by 46% over ‘the manual me£hod, and also reduced total
time b& 20% over the AFCY largely because of the syllable N
couﬁt differences thch may have been related to a practice
effect. \ o . - T
The abqye time savings can be readily converted into

N § o
cost savings. The subject personnel were being paid ap-

proximately $3.00 per hour to count sample passages from

— 1

RTMs and NRCCs. If these pefsonnél had counted the ,000

passages manually, it would have taken a total of 1,727

[}
&

17 . C- S
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hours, and cost a total of $5,18l. To do the same numbgrggfi

passages using the NAC, ;t would take 9lZ'hours and cost

$2,751. The savings resulting from use of’the NAC would be
3 $2,430. If the AFC had been used, it would have taken the

- subject personnef‘l,082 hours, and cost $3,246. Total

savings gccrued from using the NAC compared to the AFC would

be $4€5.00. As mentioned above, thi; saQings may not be

~ valid because of practice differences between the two

.
-

Y

.

groups. '
' \ ", . y
Many measufes of reading grade levels depend on word

sentence, and syllable counts. Of the approximately 40
measures currently in use, at ieast half, including many of

%
‘ the most popular measures such as FOG, INDEX, Flesch Reading

by .Ease Score, Forcast, Ride, and the Automated Reading Index,

e
v

depend on these or similar’ data points. These measures are
. often.used in sitﬁétions in which a large numbe; of samples
gﬁst be anélyzéd. As long;;s these measures remain popular,
automated methogs (such as the NAC) which iﬁprove the speed
and reliability of data point collectioﬁ; will continue to’

. X be extremely useful and cost effective. ’ )

~ As a .final note, although the NAC had been' used primarily l

s “ .
b4 -

to count words, sentences, and syllables, it does have .
application in any situwation in which simple'éounting is 1
. . { |

‘required. The device has been used to score responses on

. data sheets for research purposes, and is currently being

—— ljiﬁ,-3~’ﬁ
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e / . ! . ' ! o [
. o Lo & , Sy
- L//:' : ' °*TAHLE 2. - i .‘\“*§‘
” Standard Errons o;f;' tPre Means ‘and: Nlnety Five - ‘ K
Percent Confldence Intervals for,Grouns 1-8 .7
¢ and 9-16, éﬁ'syllable”-word and senténgce .,
count (Manual and. Hutomated Methods)." i
.- ’A
MANUAL (PASSAGE Ty : ' S
_ - . " < o . ' . e -
Méans . H"Nlnety f;ve XYercent -
) ) Confidbnce Interval -
Syllables ) , |
Group 1-8 237.87 237.04 - 238.70 /////////
Group 9-16 '236.00. 230.43 241.57 .
T Wokds , | * ) \
Group -1-8 173.37 172,95 173,%79 '
‘Group 9-16 173.62 . . 170.41 .83
Sentences ) .
" Group 1-8 9. 0f 8491 9.0%
Group 9-16 ° 9.00 “8.91 . 9.09
—_ " NAC (PASSAGE II)
i BN 3
oo .. Means Ninety¥five Percent
v . Confidence Inferval
~ —syllables" S s e S
= Group 1-8 [. " .-210.62 . 210+ 01 ~ .211.23 ‘(
Grodp 9-16 . 210.62°. ', 209.63 211.61 ~
- , -/' g — ‘.o ) #
words ? . i ':" . . . W )
Group I-8 129.50 ©7129.04 129.796.
¥ . Group 9-16 ' 129lod§_ ' 128.54. 129.46
_ Sentences ] ‘ | :
" Group 1-8 - 4.25 3.82 - 4,63 -
Group 9-16 . ‘4,37 3,95 - 7 4.79
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e' - TABLE 3 ‘ '

T Comparison of Speed (in seconds) between the Manual and Automated
Methods for the Navy and McDaniel Groups (Passages III- X).

o G

- A ) . NAVY GROUP

. Manual . . NAC t-tests
Syllables ’ ' » .
Mean 272.42 113.38 | 11.96*%*
S.D. - 100.45 . 32.40 d£<126
'
Words ' \
Mean . '120.30 76.48 4.72%%*
S.D. 71.58 ' 17.59 df=126

Sentences

1 Mean " 45.97 ‘ns
i 5.D. 26.37 _ 18.15
C Total Count .
, ‘ ' Mean 444.14 235.92 - 9.23%*
- ' S.D. 168.51 : 60.50 daf=126
e c MCDANIEL GROUP
Manual - _AFC értests
y Syllables S ’ P
Mean 357.34 -~ 139.27 o 17.07**
: . S.D. 89 .34 31.39 df=110
Words S o L
Mean 168.09. - 104.30 - ns -
) s.D. 40.98 So 32019 e
Sentences g © S
R Mean 42.43 ; 34.79 ns-
. % S.D. 23.25 . . 18.22 " '
. Total-Count I B .
’ Mean 506.96 . 278.35 11.77%*-
o s.D. . 127.65 _ 66.75 . df=110
. / ' S - RN ~ .
' ** Indicates a s1gn1f1cant difference between ‘means at or below
: the .01 level. .

. - . o ‘32 .-




TABLE 4
Cémparison between Navy and McDaniel Groups for Speed . ‘
(in seconds) of Manual Method (Passages I, III-X).
NAVY McDANIEL
GROUP . GROUP t-tests -
Syllables , .
Mean 254.36 A\ 342,60 5.39%* 2T
S.D. 100.83 - v 94,27 df=141
2 R ’ \ : v
Words ’ : , -
., Mean 114.02 105.17 ns
> S.D. 67.26 40.17 '
Senkences . }~ )
, Mean - 46 .40 ‘ 40.86 / ns
I~ S.D. . . 26,22 . 22.78
" Total Count I Y} S
f;)Méan 414.78 487.84 2,90%%
7 8LD. ~167.28 132,34 df=141

. T _ TABLE 5 ‘

Comparison between Navy and McPaniel Groups ﬁor Speed
(in seconds) of Automated Méthods (Passages II-X).

-

NAVY s McDANIEL
) ‘ - GROUP (NAC) ’ GROUP (AFC) t-tests
. Syllables A - R
- Mean 102.8% , i 132.59 4,95%%
S.D. 36.2 35.22 ~ df=141
Words .
" Mean 69.46 99.59 6.21%%
& S.D. . - 21.45 . . 33.51 df=141
2 ‘
Sentences .
- Mean 41.05 . 33.38 2.43% P .
' S.D. 19.59 18.09 df=141 .
ke
Total Count W .
Mean 213.32 265.55™™ 4,25%%

“S.D. 71.42 S ©73.15 df=141

=

* Signifiéant différences between means at or below the .05 level. |

. ** gignificant differences between means at or below/the .01 _leve.
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Description of the
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Agytomated Flesch Count -

(AFC)
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minute to approximately 208 beagg\pgr minute.
. B - »
4

. 1
/ ‘ AUTOMATED FLESCH COUNT

o

The Automated Flesch Count apparatus consists of a
Lafayette Instrument Company Model No. 15019 Electronic.
Metronome, arLafayette Instrument Company Model No. 58004
Triple Date Recorder, and a master. control box. - - ot

- The metronome’ is controlled by a combination rate .
control and on-off switch. The metronome produces a-constant
rate of\ clicks that depends on the setting of the rate
control? The rate of clicks may be varied from 40 beats ‘a ™

r

) The master control box selects the proper element to be
counted,, i.e., syllables, words, or sentences. A hand-held
switch is connected to the master control box to begin the
dount and end the dount. A toggle switch in the lower right
hand connet of the master icontrol box 1s used to control the
hand-hel{d switch. The hand-held switch is a push-on/push- .
of f type $witch. Its operation is similar to a retractable
ball point pen. 1In the lower left hand corner is a red
pushbutton switch labeled SENTENCE COUNT. Thig switch will
permit, the operator to.manually count elements. Each time
the switch is depreséed'{he selected display will advance by
one. . . - /

The triple display counter has three 4 digit displays.
They. are lgbeled as’ SYLLABLES, WORDS, AND SERTENCES. The «
selection of the display.béing used is determined by selec-
tion on the master control box. ' To the right of each N
display counter ,is’a .push button. Depression of this push
button, resets thi%'display to zero. Each display is in- .
dependently reset. An on-off switch located on the triple
display counter provides power to the unit. A red indicator.

« . light glows.w?éh the eguipment is turned-on. .
. ' : . . -, RN

-

74

; “ ! ,
o ’/ ‘( 5. LI
. 11 " : l . -
This description provi%ed by W. McDaniel in "Inter-Analyst

"Reliability and Time Meastires for Automated and Manual
Flesch Counts™ TReferencg;4)" . :

N . -
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Specifications for the
Navy Automated Counter

v . (NAC)
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